Introduction
Status epilepticus (SE) is one of the most common neurologic emergencies in the pediatric population.
1-4 17-23/100,000 children suffer from SE every year with an average mortality rate of 0-3%. 1, [5] [6] [7] [8] [9] [10] Additionally, a high proportion of patients with pediatric SE subsequently develop epilepsy and are left with severe cognitive deficits. 8 Little is known about the factors that can identify individuals at a higher risk for SE. Further, there is almost no information on whether different SE definitions influence these factors. In adults, SE episodes are most frequently secondary to underlying diseases such as brain tumors or strokes or to irregular administration of antiepileptic drugs (AEDs), and these etiologies cannot be easily extrapolated to children (Table 1) . 11, 12 In pediatric patients, only a few series evaluated the risk factors (RF) for SE (Table 1) . [13] [14] [15] In these studies, the following independent RF for pediatric SE were identified: ''polypharmacy,'' ''discontinuation of antiepileptic medication,'' ''neuromotor retardation,'' and ''generalized background abnormalities on EEG,'' 14 ''focal background EEG abnormalities,'' ''partial seizures with secondary generalization,'' ''history of first seizure as SE,'' and ''generalized abnormalities on neuroimaging,'' 15 ''history of SE'', ''younger age at onset'' and ''structural/metabolic etiology''. 13 However, these RF are not fully concordant among series and it is not known whether this reflects different inclusion criteria, such as seizure duration thresholds for defining SE. At present, SE is defined as ''impending'' SE if it lasts 5 min (SE 5 ) 16 or as ''established'' SE if it lasts 30 min (SE 30 ). 5 It is still unknown whether different seizure duration thresholds for SE might have an impact on the identified risk factors leading to SE. This study aims to address this gap in knowledge by describing the risk factors of pediatric patients with ''established'' and ''impending'' SE and to evaluate whether a seizure duration threshold of 5 or 30 min modifies the identified risk factors for SE. Our results may allow the comparison of studies with different seizure duration thresholds in previous literature and may inform the potential development of seizure duration thresholds in pediatric SE in the future.
Patients and methods
This was a retrospective case-control study of pediatric patients presenting with, at least one episode of seizures or SE. This study was approved by the Institutional Review Board of Boston Children's Hospital.
Patients
Patients were included if admitted to Boston Children's Hospital between January 1st 2005 and December 31st 2010 inclusive. Inclusion criteria were: (1) age from 1 month to 21 years at the time of the seizures or SE episode and (2) convulsive seizures at the beginning of SE. The exclusion criteria were: (1) neonatal seizures only, (2) psychogenic non-epileptic seizures or seizures of unclear epileptic nature, and (3) incomplete or unclear information about seizure duration.
Search process
The list of patients admitted to the hospital was screened for patients with seizures or SE. The search terms ''seizure'', ''status epilepticus'', ''convulsions'' and ''epilepsy'' were used in the reason for admission, discharge diagnoses, and in the body of the clinical documents. The clinical charts of potential study subjects were retrieved and reviewed in order to assess whether they met inclusion/exclusion criteria.
Variables
Demographic and clinical variables included age at seizure onset, age at the SE episode, baseline seizure frequency, baseline number of AEDs, and seizure semiology at baseline. Information on results of electroencephalogram (EEG) and the magnetic resonance imaging (MRI) were also reviewed and recorded. Data was obtained using an electronic data acquisition form. The duration of seizures was assessed by information present in the clinical charts.
Seizure duration
Seizure duration was collected from the available clinical information in the clinical charts. Documents reviewed included physicians' notes, nurses' notes, emergency department notes, and emergency medical services' sheets. Seizure duration was based on the numerical information present in the clinical charts and not on the definitions of status epilepticus of individual health-care providers. 
SE definition
Once the study population was defined (patients with seizures of any duration), two different comparisons were performed changing the threshold, but not the study population. The first comparison was between patients with seizure duration of more or less than 5 min. The second comparison was between patients with seizure duration of more or less than 30 min. Therefore, two different definitions of SE were used in the same population: ''impending'' SE (SE 5 ) and ''established'' (SE 30 ). The characteristics of the same patient population were compared in two different ways: comparison of the characteristics of patients with SE 5 with their respective controls (patients with seizures less than 5 min duration) and comparison of the characteristics of patients with SE 30 with their respective controls (patients with seizures less than 30 min duration). Each patient was classified according to the longest seizure duration during the study period, so that if a patient presented with an episode of 30 min during the study period that patient was considered to belong to the SE 30 group regardless of whether this patient had a seizure of 5-29 min at any other time during the study period. Clusters of convulsive seizures each lasting less than 5 min but recurring without return to consciousness were considered equivalent to continuous seizures. Nonconvulsive SE, specifically electrographic seizures without a convulsive correlate, were not analyzed in this study as we only included episodes with convulsive onset.
Statistical analysis
The characteristics of patients with SE 5 and SE 30 were compared to those of their respective controls. In univariate analysis, categorical variables were compared with Fisher's exact tests and continuous variables were compared with Wilcoxon rank-sum tests. A multivariable logistic regression was performed with the variables that were considered clinically relevant. Since this is a descriptive study with no specific hypothesis being tested, no attempt was made to correct for multiple comparisons. For descriptive data, we analyzed the non-missing data only. For logistic regression, we also performed a complete case analysis approach. All tests were performed at a ''two-sided'' significance level of 0.05. STATA 12.0 (Stata Corp, College Station, TX, USA) was used for all statistical analyses.
Results

Demographic and clinical characteristics
1062 pediatric patients were enrolled in the study. When considering the 5 min seizure duration threshold, 444 (41.8%) patients had SE 5 while 618 (58.2%) did not. When considering the 30 min seizure duration threshold, 149 (14%) patients had SE 30 while 913 (86%) did not. The main demographic and clinical characteristics are summarized in Table 2 .
Electroencephalographic findings
An EEG was performed prior to the index episode in 516 patients, being abnormal in 429 (83.1%) of them. EEG abnormalities were more frequently generalized spikes and non-epileptiform abnormalities such as slowing or asymmetries (Table 2 ).
MRI findings
An MRI was performed prior to the episode in 446 patients and was abnormal in 266 (59.6%). Among the abnormal MRIs, findings were most frequently bilateral localized to the temporal lobe. The most frequent type of MRI abnormality was neocortical or hippocampal volume loss (Table 2) .
Potential RF for SE
On univariate analysis, risk factors for SE were not markedly different when considering a 5 min versus a 30 min cut-off. In both comparisons, patients with SE were younger at the age of seizure onset (median 1.5 versus 2.8 years for SE 5 , p < 0.00005; and 1 versus 2.5 years for SE 30 , p < 0.00005) and at the age of SE (median 5.5 versus 7.1 years for SE 5 , p = 0.0499, and 4.2 versus 6.8 years for SE 30 , p = 0.0029), were on more AEDs at baseline (median 1 versus 1 for SE 5 , p < 0.00005 and 2 versus 1 for SE 30 , p = 0.0001), had a higher rate of changes in AEDs in the three months prior to the episode (33% versus 7% for SE 5 , p < 0.0005; and 35% versus 16% for SE 30 , p < 0.0005), were more likely to have developmental delay at baseline (58% versus 45% for SE 5 , p < 0.0005; and 62% versus 48% for SE 30 , p = 0.001). Patients with SE had a higher baseline seizure frequency (3 versus 1 seizures per month for SE 5 , p = 0.0005; and 2.5 versus 1 seizures per month for SE 30 , p = 0.1131), and a higher increase in seizure frequency prior to the index episode (29% versus 15% for SE 5 , p < 0.0005; and 25% versus 20% for SE 30 , p = 0.314) although this difference only reached statistical significance when using the 5 min seizure duration threshold.
Mortality
On univariate analysis, patients with SE had a higher mortality rate within the study period (4.7% versus 0.3% for SE 5 , p < 0.0005; and 6% versus 1.5% for SE 30 , p = 0.002).
Multivariate analysis
On multivariate analysis, the etiology (or MRI abnormality) and AEDs at baseline were the main predictors of the presence or absence of SE (Tables 3 and 4 ).
Discussion
We compared the characteristics of pediatric patients with SE and identified the following potential RF for SE: a younger age at seizure onset and at the time of the episode, being on more AEDs at baseline, a higher rate of changes in AEDs in the months preceding the episode, and the presence of developmental delay at baseline. Risk factors did not differ markedly when comparing the different seizure duration thresholds for definition of SE at 5 and 30 min.
The concept of RF for SE
Reliable RFs that identify patients at higher risk for SE are essential for management, and counseling in patients with SE. Surprisingly, few studies have compared patients with SE to patients without SE in order to identify RFs [11] [12] [13] [14] [15] (Tables 1 and 5 ).
Most RF identified in adults are related to medical co-morbidities that are much less common in children; therefore these identified RF cannot easily be applied to pediatric populations.
11,12
RF for SE in children
As shown in Table 5 , some pediatric RFs are more consistently reported than others. ''Polypharmacy,'' ''discontinuation/inconsistency of antiepileptic treatment,'' ''developmental retardation,'' 14 and ''younger age at onset'' 13 were reported in some series but did not present as RF in others. 14, 15 The present series found more AEDs at baseline and changes in AEDs during the three months prior to the event as being a RF for SE. ''Abnormal EEG,'' 14,15 ''history of SE as the first seizure presentation,'' 15 and ''presence of previous episodes of SE'' 13 were identified as RFs for SE in other series. As previously reported, 13, 15, 17, 18 the present series found that patients with a known etiology and underlying structural brain lesion had a higher risk for SE, although the group of patients with abnormal MRI is heterogeneous. The longer duration of seizures in SE may therefore also reflect a more severe underlying etiology in patients with SE compared to patients without SE.
SE definitions
The classical definition of status epilepticus (SE) or ''established'' SE requires that seizures (continuous or intermittent without return to baseline mental status) last for a minimum of 30 min. 5 However, seizures that last longer than 5 min are unlikely to stop spontaneously 19, 20 and meet the definition of ''impending'' SE. 16 At present both definitions of SE (''impending'' and ''established'') coexist in the literature but there is a striking lack of data evaluating whether RF are similar for ''impending'' or ''established'' SE. 21 Our study shows that RF for SE are similar regardless of the seizure duration threshold used for SE definition: SE 5 or SE 30 . We compared different variables that define the main demographic and clinical characteristics of the study population. In these comparisons, the results were unaffected by the threshold considered: 5 or 30 min. Seizure frequency at baseline and increased seizure frequency prior to the index episode were higher in the SE episode regardless of the seizure duration threshold, adding to the robustness of our results, although they only reached statistical significance in the SE 5 group.
Strengths and weaknesses
Findings need to be interpreted in the setting of data acquisition as retrospective data collection can be subject to information bias. Duration of seizures is recorded heterogeneously in the clinical charts and sometimes information was not available, which accounts for missing data in the ''variable'' duration of seizures. Duration of seizures may have been both under-and overestimated as information is dependent on the accuracy of seizure duration data in the clinical charts. A standardized data collection instrument was used to overcome potential heterogeneity in data collection from available information. In addition, information was collected from all available sources within the clinical charts (physicians' notes, nurses' notes, and emergency medical services' notes) to minimize the potential for information bias and the potential of under-and over-estimation of seizure duration. Inaccurate data can be found in the clinical charts, but this limitation is minimized when collecting information from different sources, which allows for identification of observation and documentation errors.
Patients admitted to a reference pediatric hospital are an inherently biased population with more severe conditions. This limitation is common in tertiary reference hospital studies. However, only reference hospital studies allow for the collection of large patient populations. Some degree of selection bias is expected in this study as seizures lasting more than 30 min are more likely to be cared for in a hospital than shorter seizures. We did not intend to capture all patients with seizures of short duration, but to compare groups with the same characteristics except for the duration of seizures. Clinical features were interpreted and recorded in the clinical charts by different medical teams for each patient posing the potential for variability and confounding of results. However, inter-rater reliability in recognizing SE in an acute setting is good with a concordance reported in the literature of 60-81%. 22 In addition, we retrospectively classified patients as having or not having SE based on objective features from the clinical charts (i.e. duration) and not on different interpretations or definitions of SE by the different medical teams. Our study did not evaluate EEG findings or neuroimaging findings with the level of detail which can be found elsewhere. 9, 23 A major factor in SE duration is the timely and appropriate administration of AEDs. Unfortunately, we did not have enough information on that aspect to perform a formal analysis of these relevant factors. The Pediatric Status Epilepticus Research Group (pSERG) is developing a prospective approach to describe the timing of SE treatment and its impact on management and outcome. 24 Our results support the hypothesis that defining SE as seizures lasting either 5 or 30 min does not change most of the characteristics of the population defined as having SE. This may influence future categorizations of SE as seizures lasting for at least 5 min. Further, our study may facilitate comparisons of prior studies that defined SE with different thresholds of 5 or 30 min duration. The current findings suggest that these populations were roughly comparable.
Our findings apply to convulsive SE. Non-convulsive SE is usually different from convulsive SE in terms of etiology and clinical features. We preferred to focus only on convulsive SE to have a more homogeneous study population.
A major strength of this study is the large patient population that allowed us to identify RFs that may have gone unnoticed in previous smaller series. In addition, the large number in this series allowed the comparison of RFs for the most frequent seizure duration thresholds of SE used in the pediatric literature: 5 and 30 min.
Conclusions
This study of pediatric patients identified several RFs that predicted SE: younger age, developmental delay at baseline, more AEDs at baseline and a higher rate of changes in AEDs prior to the episode. These risk factors were similar when considering SE with a seizure duration threshold of 5 min versus 30 min.
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